Many of the CCCs are small and detected incidentally during coronary angiography in adult patients. Angiographic series reveal a prevalence of 0.09-0.5% [2] [3] [4] [5] [6] . Large coronary fistulas are usually symptomatic and cause symptoms of ischemia mostly due to coronary steal. Their clinical importance in adulthood is due to an increased risk of complications, including heart failure, myocardial ischemia, infective endocarditis, arrhythmias, and rupture. Coronary fistulas might even cause sudden cardiac death. Small CCCs are usually benign and do not cause clinical symptoms [1, [7] [8] [9] [10] .
In this study, coronary angiograms performed over a 10-year period were analyzed to determine the prevalence and characteristics of CCCs in a single center.
Subjects and Methods
All patients who underwent coronary angiography in the cardiac catheterization laboratories from November 2001 to January 2011 were included in this study. The coronary angiograms of 16,573 patients with symptomatic heart disease were analyzed and those with CCCs were selected for further assessment. All the coronary angiographies were performed for the suspicion of ischemic heart disease. Two independent experienced observers (S.Y. and O.G.) reviewed all the coronary angiograms and reached a consensus on the origin and termination of the CCCs.
A diagnosis of coronary fistula was made if there was at least one of the following features: definite signs of fistulous flow (for instance, the affected feeding vessel had a luminal diameter of at least 50% of the expected diameter) or angiographically clear and prompt visualization of the receiving cardiovascular structure where a step-up in the concentration of oxygen was apparent. The rest of the connections were defined as CCMCs.
Results
Of the 16,573 patients, 11,273 (68%) were males and 5,300 (32%) were females with a mean age 60 ± 13 years, who underwent coronary angiography. CCCs were found in 15 patients (0.09%; mean age 63 ± 12 years): 8 (53%) were males and 7 (47%) were females. Coronary fistulas were identified in 2 (0.01%) patients.
The origins of CCCs are shown in table 1 . In 1 patient, the coronary fistula originated from branches of the left anterior descending (LAD) artery ( fig. 1 a) and the right coronary artery (RCA) ( fig. 1 b) , while in another patient the fistula originated from branches of the LAD artery, the circumflex (Cx) artery ( fig. 1 c) , and the RCA ( fig. 1 d) . However, the CCMCs originated from the LAD artery in 7 (46.6%) patients, from the Cx artery in 3 (20%) patients, from the RCA in 2 (13.3%) patients, and from the RCA and Cx artery in 1 (6.6%) patient.
The drainage sites of the CCCs are shown in table 2 . The CCCs drained into the left side of the heart in 8 (54%) patients and into the right side of the heart in 7 (46%) patients. In the left side of the heart, 4 (27%) CCCs drained into the left atrium and the other 4 (27%) drained into the left ventricle. The CCCs in the right side of the heart drained into the right ventricle in 4 (27%) patients, into the right atrium in 2 (12%) patients, and into the pulmonary trunk in 1 (7%) patient.
The symptoms of patients with CCCs on clinical presentation were chest pain in 8 (53%), shortness of breath in 6 (40%), and syncope in 1 (7%). Five patients presented at the emergency department with acute coronary syndromes. Congestive heart failure and left ventricular dysfunction were diagnosed in 4 patients. In 2 patients with dyspnea, huge left atrial thrombus and right atrial myxoma were detected on transthoracic echocardiographic examinations. Ventricular tachycardia was diagnosed in 1 patient. The treatment modalities were percutaneous coronary intervention in 5 patients, surgical excision of in- 338 tracardiac masses and associated CCCs in 2 patients, and percutaneous transluminal coil embolization of fistulas followed by implantable cardioverter defibrillator implantation in 1 patient. The remaining 7 patients were followed by conservative medical treatment. Only 1 (7%) patient with acute anterior myocardial infarction died during in-hospital follow-up because of the cardiogenic shock due to severe left ventricular dysfunction.
Discussion
The finding of 9.09% prevalence of CCC in this study is within the range of 0.09-0.5% which has been previously reported [2] [3] [4] [5] [6] . Unlike in a study with a female preponderance [6] , no gender difference was seen in this study. The mean age of 63 ± 12 years in this study is similar to that in other reports in which the mean ages were between 59 and 61 years [5, 6] .
The left anterior descending artery was the most common originating artery of CCCs in our cases, which confirmed the report by Chiu et al. [5] . Equally, the RCA as a major source of CCCs has been reported previously [11] . Our finding of 20% for the Cx artery as the origin of CCCs is slightly higher than the 18% reported previously [12] . The variation could be due to geographical and ethnic differences of the populations analyzed in these studies.
Although a fistulous communication to the left-sided chambers was reported to be less frequent, we found that more than half (54%) of CCCs drained into the left heart. However, Said et al. [6] found the left side of the heart to be the major drainage or termination site in their case series but over 90% of the fistulas from either coronary artery drained to the right side of the heart and the remaining 10% drained to the left side of the heart [5, 13] . This difference might be caused by the relatively small number of patients from different geographical origins. In the right heart, drainage occurs most frequently to the right ventricle, followed by the right atrium, coronary sinus, and pulmonary trunk [13] . However, Chiu et al. [5] reported that the pulmonary trunk was the most common drainage site. We only found 27% of CCCs draining to the right ventricle, 12% to the right atrium, and 7% to the pulmonary trunk. Therefore, as mentioned in the context of the origin of CCCs, geographical and ethnic differences could affect the termination of CCCs as well.
While coronary artery fistulas in the majority of adult patients are usually asymptomatic [7, 14] , 0.01% of the patients in our study were symptomatic. Generally, coronary fistulas with large intracardiac shunts are very rare in adult patients because the majority of these shunts are detected and repaired during childhood.
The treatment options for coronary arterial fistulas include surgery or catheter closure. The indications for treatment of coronary arterial fistulas include the presence of a large or increasing left-to-right shunt, left ventricular volume overload, myocardial ischemia, left ven- tricular dysfunction, congestive cardiac failure, and prevention of endocarditis/endarteritis [1, 15] .
The main limitation of this study was that the coronary angiographies were only performed in symptomatic patients with suspected coronary artery disease. Therefore, these results may not reflect the exact prevalence of CCCs in the population.
Conclusion
The prevalence of CCCs in adult patients was low and that of large coronary fistulas was even lower; coronary fistulas are probably very rare in adult patients because the majority of them are detected and treated during childhood.
